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ELECTRODYNAMICS OF THE HIGH LATITUDE IONOSPHERE

1. Introduction.

The study of high latitude ionospheric electrodvnamics is important to both our
nnderstanding of the ionospheric plasma and to an understanding of the interaction between
the Farth's magnetic field with the interplanetary medium. A quantitative description of
the convective motion of the high latitude jonospheric plasma is being pursued for the
purpose of studving plasma structures where the convective history of the plasma may be
immportant. The model developed for describing conditions during southward interplanetary
magnetic field /1\MF ) has been adapted to possess a flexibility allowing some representations
of conveetion patterns that mav exist during times of northward IMF. Of particular interest
during times of northward IMF is the electric field configuration associated with stable
auroral features at very high latitudes. The electrodynamic configuration of these features
has heen described using a variety of satellite and ground hased diaghostics that may
al<o help us to understand the global configuration of the magnetic and the electric field

associated with them.

The dominance of small-scale structure in the electric field and plasma density
dnring times of northward IMF has lead to a study of the ways in which these parameters
are coupled. While it is customary to think of the Earth’s magnetic field lines as electric
equipotentials, it can be shown that they are far from exhibiting this property for scale
sizes less than a few kilometers. The effects that scale-size dependent electric field mapping
has on the development of plasma structure has ben investigated in some detail. Large
and small scale electric fields in the ionosphere drive horizontal currents< that are ohmically
di<sipated as heat in the altitude region below about 250 km.. Above this altitude significant
frictional heating of the ions can octur as a result of a relative drift between the ions and
the neutral gas. We have studied the differences between representations of this heating in
terms of a height-integrated Joule heating rate and an in-situ frictional heating rate. It can
be quite clearly seen that the heating rate per particle must be considered in each region
of interest in order to relate measurement« made in one region to conditions existing in

another.
The research activities reported on here. represent some significant advances in
onr understanding of physical processes in the high latitude ionosphere. They also provide

some tools with which the phenomena can he modelled and represented. The work described




here has significant implications for future efforts and points to the nced to consider. not
only the high latitide region but also the degree to which the electrodynamics is coupled

to low and mid-latitudes.

2. Ionospheric Electrodynamics.

Here we describe the results of studies of large-scale (> 50 km.) electric
fields in the ionosphere from a source. or sources. in the outer magnetosphere. We
attempt to describe the configuration of these fields in the ionosphere, their dependence
on the orientation of the IMF, and the magnetic and electric field configuration in the
magnetosphere with which they may be consistent. In addition to externally applied electric
fields. we also consider the internal generation of much smaller-scale electric fields produced
by plasma structures. In this case. the process of electrical coupling between different
regions of the ionosphere must be considered in some detail. since the magnetic field lines

may not be regarded as electric equipotentials.
2.1. A model of the High Latitude Convection Pattern.

Many studies of the high latitude convection pattern have shown that
temporal changes in the configuration of the pattern and the magnitude of the electric
potential are extremely important consideraticns (Lockwood and Cowley, 1988). While
measureinents of the convective properties may be dominated by these effects the desire
to be able to instantaneously describe the convective motion of the plasma still exists
from the point of view of determining the effects of convective history on the compostion
and total concentration of the ionospheric plasma. Ultimately we would like to determine
all the parameters affecting the configuration of the high latitude convection pattern and
specifv a model. dependent on these parameters. While we are not vet in this position, we
have advanced to a stage where analytical expressions can be used to represent the large
scale properties of the convection pattern for southward IMF. These expressions allow
convective cells of different geometries to be constructed and can therefore simulate the
major features of an IMF B, dependence for the case when the IMF has a southward
component and distorted two-cell convection patterns when the IMF has a northward
component. In addition to developing the mathematical expressions themselves, we have
also examined our capability to reproduce a given satellite observation. In this area we have
studied the high latitude potential distribution obtained from specifying only the potential
distribution around the convection reversal houndary. and the shape of the houndary.

S, ecific developments are summarized helow.

)
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2.1.1. Southward IMF

When the IMF has a southward compenent the high latitude ionospheric
convection paitern is characterized two counter-rotating vortices producing antisunward
convection at highest latitudes and sunward convection at lower latitudes. A representation
of the convective motion of the plasma is obtained by illustrating lines of constant electric
potential, along which. in steady state, the plasma must flow. The major attributes of
these electric potential streamlines that make up the convection cells are their geometrical
size and shape and the absolute value of the potential extreina that is represented by them.
We have found that the convection pattern can be characterized very broadly by a circular
region inside which the plasma flow is antisunward and beyvond which the magnitude of the
potential deercases with latitude. A guantitative description of the convection pattern can
be obtained by specifving the local time distribution of the potential around the houndarv of
the circular region and the Latitnde distribution of the potential along a local time nieridian.
We will call the boundary of the circular region. the convection reversal boundarv. Figure |
<hows a representation of the convection pattern derived fron. the information given above.
Lines of constant potential are shown (o represent the convection streamlines. The latitude
distribution of potential along the 0600-1800 meridian and the distribution around the
convection reversal boundary, assumed to be a circle of radius 12°, are also shown. This
formulation allows the relative shape of the convection cells to changed by changing these
two distributions. Figure 2 shows two representations of the convection pattern that can be
produced by changing these two distributions. They can be used to approximate empirical
representations of the pattern for positive and negative values of INF B, respectively. We
note that the changes in the shape of the pattern are obtained by moving the location of the
zero potential line on the dawn-dusk meridian and by changing the local time distribution
of the potential. Thus a more guantitative representation of the pattern is obtained by
attemnpting to find the dependence that these attributes of the pattern have on the value

of B,.

Thi« task was undertaken by utilizing the DE-2 data base of electrostatic
potential disiributions derived from each high latitude satellite pass (Hairston and Heelis.
1990). Fits to the data were performed to determine the location of the zero crossing for
extreme values of positive and negative B,,. The results are shown in figure 3. Similarly the
data can be examined for changes in the local time distribution of the potential around the
convection reversal boundary (Lu et al.. 1989). In addition to changes in the geometry of the
convection cells as a function of the IMF B, component. it is also found that the absolute

value of the potential extrema on the houndary are dependent on this parameter. Figure
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4 ~hows that while & <ignificant scatter in the data exists, a trend toward a dependence
on B_ can easilv he descerned. VFinaliv it is found that a dependence of the radius of
the convection reversal boundary on the potential drop across it (Siscoe. 19825 can bhe
confirtned. With this cumulative information it is possible 1o insert analvtical dependences
on B into the expressions describing the convection pattern and thus produce a model
that i~ dependent onlv on the IMF magnitude and direction.  The maodel produced 1o
descrthe the convection patternu for southward INME has vwo important ateribuies, barst g
altows & global pattern to be produced that displave the first order dependences on the
INE ~hown by observations. Second, it allows fundemental parameters of the model, such
a~ the location and magnitude of the potential extrema. which can be directlv derived from
~atellite data, to be input directly to the model. The model is thus capable of producing a
clobal representation of the convection pattern. that directly reproduces dati from a given
sate e passs This exercise can be done gquickly and ecasily for a sinale pass, and the task
now retains to make it adaptive to multiple data <et~. Several improvements to the model
requute further study of the data.

At present we have a good representation of the potential divtribution as a
funcuion of latitude in the polar cap region. However, the Jocal time distribution around the
polar cap boundarv. and the latitude distribution for latitudes below the polar cap boundary
i~ not well quantified. Larger data bases are required to advance our understanding of
the potential distiibution around the boundarv. However. the distribution at latitudes
bhelow the polar cap boundary reguires us first to understand the geophvsical variables
that control its hehavior. It is elear that during magnetic storms the magnetospheric field
penetrates to lower latitudes in the jonosphere. but the temporal and spatial dependence
of tiie phenomena is not well established. This present model is useful in determining the
con. cctive history of ionospheric plasma and the ceffects that changes in the patvern sight
have on observed plasma distributions at high latitudes.

2.1.2. Northward IMF

One of the products of the convection maodel development fur southward
INIE i~ the capability to produce a single convecticn cell of almost arbitrary shape and
representing either clochwise or anticlockwise circulation. Withi this capability it 1s possible
to begin development of a representation of the couvection pattern for northward IMF
by assuming that the pattern can be represented by four circulation cells with shapes.,
potential distributions and locations that depend on the magnitude and arientation of the
IME. The problem is approached in a similar manner as the case for sonthward 1ML, First

we estahlich the capability to reproduce various configurations of the convection pattern
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that have been put forward as representations for the flow during times of northward INF.
Theu we determine the functional dependence of the controlling parameters on the IMF
itself in order to arrive at a mathematical model. To date. the capability to reproduce
many representations of the convection pattern has heen established. Two extremes are
a four-cell configuration put forward bv a number of researchers (e.g. Burke et al.. 1979.
Maeczawa, 1976) and a distorted two-cell pattern described by others (e.g. Heppner and
Mavnard. 1957). The development of the convection model for northward IMF ascuies
the existence of two drivers for the convective motion. One, that we will term “viscous
interaction”™ is assnmed to be derived from an electric field in the magnetospheric low-
latitude boundary laver and is independent of the IMF but not of the solar wind speed and
density. Tt produces an essentially svmmetric two-cell convection pattern in the ionosphere.
although ac stated previously the dependences of the parameters in the model on external
conditions has not vet heen established. The second driver is derived from direct connection
hetween the IMFE lines in the magnetosheath with the geomagnetic field. This electric field
and resulting convection pattern in the ionosphere is dependent on the IMF magnitude and
orientation as well as the solar wind speed and density. It produces the familar assvimetries
in the convection pattern that have been studied for the case of southward IMF and in fact
dominates the copnvection pattern during such periods. During northward IMF. however,
the relative importance of these two drivers is not yet established and they combine to
prodice the variety of representations of the convection pattern that have been put forward
in the literature. Figure 5 shows the capabilities of the model constructed in this wav. The
top panel shows a four-cell pattern ohtained by adding the two cell convection patterns
from each driver. Here we have assumed that both drivers produce svmmetric patterns
and thus. the resulting configuration is somewhat idealistic. Nevertheless. it allows us to
establish variables such as the location of the convection pattern center and the radius of
the convetion reveral boundary for each driver, upon which a more realistic pattern may he
developed. If these parameters are change and a less symmetric potential distribution for
the “direct connection™ driver is assumed, then the second panel shows quite convincingly
how a distorted two- cell pattern may be formed. In addition to providing the capability to
reprodnce such convective configurations, the formulations currently being examined allow

some insight into the evolution of the convection pattern from one state to another.

The availability of a convection model that allows the separate specification of
flow patterns from two sources, raises the issue of their relative ilmportance. Here we musi
recagnize the Jifficulty in identifying the different drivers from ionospheric measurements,

due to our inability to unequivocally determine the magnetic field topology. In an attempt

9




to shed some light on this topic we have undertaken a statistical studv of the relationships
between the boundaries in energetic particle precipitation regions and the houndaries in the
convection pattern that mark reversals in the ion drift from sunward to antisunward (Coley
et al.. 1987). It is found that the identification of antisunward flow within a region of auroral
precipitation is subject to some uncertainty because the region of overlap is generally verv
small. Thus the signature of “viscous interaction™ in the ionosphere is verv small. Either
it 1~ ~imilarly small at the magnetopause, and can aceount for onlv a small fraction of
the total cross polar cap potential. or the existence of parallel potential drops between
the source and the ionosphere make it impossible to determine the relative immportance
from ionospheric measurements. Examination of the data shows that both sunward and
antisunward convection on open field lines may bhe a relatively frequent occurence on the
davside of the dawn-dusk meridian, during times when the IMF B, component i< large. The
data ~upport the convective configuration proposed by Burch et al. (19831 in which both
flow directions in the ionosphere are associated with flow in the lobes of the magnetorail.
This “lobe cell™ convection coexists with convection cells attributable to merging of the

IMF with the Earth’s closed field lines during times when the IMF is southward.

2.1.3. Temporal evolution of the Convection Pattern

In addition to attempts at constructing analytical expressions for the
electrostatic potential distribution. the consequences of specifying the potential distribution
around the convection reversal boundary and subsequently deriving the global potential
from a solution of the Laplace equation have also been examined. A scenario is adopted for
the solar wind/magnetosphere ionosphere coupling where closed magnetospheric flux tubes
merge with the solar wind magnetic field. The resulting opened field lines convect across
the polar cap ionosphere hecause of field line tension (Moses et. al.. 1985.198%9). In the
model. the ionospheric plasma is treated as a two-dimensional fluid. An adiaroic boundary
that approximates the convection reversal is placed in the fluid (Siscoe and Huang, 1985).
Giaps in the adiaroic boundary allow flux to enter and leave and the boundary cxpands or
contracts at a rate determined by the potential distribution along it and the net magnetic
flux into or out of the region enclosed by the reversal boundary. The potential across the gap
and the orientation of the gap is chiosen to best reproduce the properties of individual data
sets examined for different orientations of the IMF. It can be shown that by appropriately
locating the position of multiple gaps in the adiaroic line, a good representation of the
convection pattern can he ohtained. Figure 6 shows one such example in which a dayside
and a nightside gap are required hut where the flux entering and leaving the polar cap is

not equal. Thus the polar cap expands. During active periods intense electric fields form
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premidnight. Also. on average the dawn convection cell spreads and the dusk cell retreat~
premidnight. The nightside gap forms along a meridian between 2200 and 0200 MLT.
presnmably when reconnection is occuring in the tail. Results indicate that the nightside
gap forms after the expansion phase onset of a substorin and remains open through the
recavery phase.

The usefulness of this deseription of the convection pattern lis in a deeper
nnderstanding of the response of the jonospheric convection pattern to changes in the
IME and in response to substorm activity. shape of the convection reversal boundary and
the distribution of potential These findings should be incorporated into the next level of

sophistication in analvtical models.

2.2. Plasina Structures and convective fow

The appearance of plasma structures of varving scale sizes in the high latitude
region. is of interest for many reasons. They are signatures of the temporal evolution of
sonrces. sinks and transport of plasia in the region. They are also the seat of plasma density
gradients subject to a variety of plasma instabilities. Here we confine our attention to the
existence of so-called patches of ionization seen to convect antisunward across the polar cap
during times of southward IMF [Weber et al.. 1984]. These patches have scale sizes of 1000
km or so and measurements of the electron temperature inside them indicate that they are
not the product of a local ionization source from precipitating particles. Other possible
sources for pl sma structure may be due to different residence times in regions where the
plasma is produced. These regions lie in the auroral zone and the cusp. We have undertaken
an initial study of the effects of a change in orientation of the convection pattern. due to
changes in B,. on the residence times of plasma packets in the auroral zone and cusp. Our
hivpothesis is that the boundary of a4 plasma enhancemient in the polar cap marks a change
in the convective history of the plasma. Initial studies 'Anderson et. al.. 1988.. indicate
that this could indeed be the case. For a given Jocation at very high latitudes. 1wo effects
must be taken acconnt of when examining the total ion concentration. One is the radius
of the polar cap itself, which is in turn related to the potential dop across it [Hairston and
Heelis. 1990 . The other is the sign of B,. which effects the orientationof the convection
cells. Both these parameters can affect the past history of the plasina seen. for example at
Thule. Figure 7 shows the predicted temporal evolution of the peak F-region density seen
at Thule for two different configurations of the polar cap boundary. In one case (100 Kv x

157} the plasma seen at thule in the late afternoon has convected through the evening side
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anroral zone and spent a long time in solar illumination compared to the other case (R0 kv
x 127) where at the same local time the plasmna has convected from the morningside and
spent little time in sunlight. 1t is clear that the different convective histories can produce
the reguired differences in the total jon concentration. Further work is called for in this
modelling effort 1o determine the effects of variations in the B, component of the IMF and
in the time scales for changes required to produce the plasma enhancements with spatial

ceales of & 1000 ki or s,

2.3. Electrodynamics of Polar Cap Arcs.

In addition to the large scale convective features discussed previously.
during periods of northward IMF. mesoscale features in the electric field and energetic
particle environment pervade the entire high latitude region. On many occasions, these
smaller scale features dominate the character of the plasma and are of considerable
intirest both electrodynaniically and morphologically in that they are indicators of a vastlv
different configuration of the magnetosphere during times of northward IMF from that
existing during southward IMF. We have undertaken a study of the mesoscale features
existing during times of northward IMF, by using a variety of satellite and ground based
instrumentation. Qur first task was to establish the electrodvnamic configuration of the
structures and subsequently to understand how they are related to the larger scale features

of the auroral zone.

During times of northward IMF the existence of sun-aligned arcs at very high
Jatitudes is well established 'Lassen and Danielsen et al.. 1978.). While observations from
a satellite would suggest that the clectric field configuration accompanying these arcs is
somewhat turbulent and unorganized. a more complete examination from a varietv of data
sonrces serves to establish that this mav not be the case |Carlson et al., 1988;. The uniquness
of our approach lies in the combination of one dimensional data from a polar orbiting
satellite and two-dimensional imaging from the ground using all-sky cameras. This allows
a detailed examination of the electroadynamics of polar cap arcs and also examination of
the extent to which the features manifest themselves as coherent entities. Such studies
have shown that polar cap arcs are frequently elongated in the noon-midnight direction.
While thev may be only a few hundred kilometers in the dawn-dusk dimension they may
extend across the entire polar cap in the noon-midnight direction. being many thousands
of kilometers in extent. Detailed examination of the lectrodvnamic properties of these arcs

wnggests that they may he associated with ficld-aligned potential differences. Figure & shows
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the properties of four arcs, labelled A. B, €. and D. Each one is associated with a negative
divergence in the electric field and in a uniform background conductivity would require
an upward field-aligned current. Further examination of one of these arcs (B). shows that
the precipitating electrons responsible for the emission are also carrying the required field-
aligned current. Thus it appears that these arcs are electrodvnamically similar to discrete
are~ in the anroral zones "Lyvons. 1981 . but they apparently involve much smaller field
atigsned potential drops. since precipitating electrons with energies greater that 1 ke\ are
rarelv seen. The coherent nature of these arcs implies that their electrodvnamic properties
are sinilarly preserved along them. If this is the case then it is possible to construct
possible mesoscale convection features associated with them. One such example i< shown
i figure 9. Here it is suggested that small scale “finger-like™ convection cells exist around
each discrete feature. Detailed observations are still required to determine the nature of
the conneetion hetween these mesoscale features and the larger scale convection features
associated with plasma flow through the auroral zone. A recent opportunity to observe such
a feature in the nightside auroral zone using radar and satellite imagery has shown that
the »re oy denate the division between antisunward flow that rotates clockwise into the
polar cap antisunward flow that rotates anticlockwise into the auroral zone Nielsen et al..
1990.". Previous ohservations of the theta aurora [Frank et al., 1986 . have suggested that
the sunward flowing plasna is associated with closed field lines that presumably map to
the central plasma sheet. The implication is that antisunward flow is associated with open
field lines on either side of the transpolar arc. We note that this need not be the case and
that the antisunward flow on on one side of the arc may bhe associated with the low latitude
boundary laver. Further work on the association between the global flow configuration
and the appearance of sun-aligned arcs is necessary to advance our understanding of these

features.

2.4. Electrical Coupling in Ionospheric Structures.

Studies of plasma structure in the high latitude ionosphere are complicated
by the variety of structuring mechanisms and by the effects of transport, that can deliver
structured plasma to places that are significant distances from the source. A previous
section included some work and discussion about the formation of large scale structure
from variations in the convective flow pattern. Here we are interested in the behavior of
<smaller scale <tructure as it is transported from its source. The electric field responsible

for the transport will generally be of seale sizes larger than a few tens of kilometers and
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originate from outside the ionosphere. However, the plasma structure itself will produce
eleciric fields from the existence of pressure gradients, and these will exist at the variety
of scale-sizes possessed by the structure. For scales sizes greater than about Hkm the
electric field associated with an isolated siructure will map alinost unattenuated along
the magnetic field lines and its evolution will therefore depend on conditions existing at
locations remote from the structure. For example. if an F-region structure convects over a
highlv conducting E-region. the electric field can be effectively shorted. thus increasing the
rate at which this scale-size will decay if the E-region were not present. At scale sizes less
than a few kilometers. this simple view of the processes acting to determine the evolution of
F-region plasma structure is complicated by the fact that the magnetic field lines cannot be
regarded as electric equipotentials. We have examined the processes involved utilizing two
approaches. The first examines only the effects of the E-region on the temporal evolution
of a plasina structure in the F-region. For this purpose we niav assume that the Foregion
and E-region are slabs of plasima of some specified vertical extent. hetween which electric
fields map and are unattenuated in so doing (Heelis et al.. 19&5). This <hwuply 1ieans that
an F-region structure will produce pressure gradient electric fields that may he partially
shorted out by a conducting E-region. If the E-region is highly conducting then the F-
region pressure gradient field will be shorted out and the structure will decay at a rate
determined principally by the local perpendicular ion diffusion rate. If the E-region were
a perfect insulator then the pressure gradient field would not be shorted and the plasma
structure will decay at the local perpendicular electron diffusion rate. The real situation is,
of course. in between these extremes, where the conducting properties of the E-region are
ituportant. However. as soon as the partially conducting E-region is considered, the effects
of the E-region field on the local redistribution of plasina must be taken into account. This

electric field tends to produce an image. in the E-regiva. of the F-region plasma structure.

The second approach considers in more detail the mappimg properties of the
electric field. In particular. it is important to understand that the electric field mapping
process is scale size dependent (Heelis and Vickrev, 1990). Thus electric fields from F-
region: structures of small scale size (< 1kin) may be quite large but not map eflectively
to a highlv conducting E-region. Electric fields frous Jarger scale features in the F-region,
map effectively to the E-region. but the electric fields are of smaller magnitude. In order to
understand all these effects it is necessary to consider the altitude distribution of the electric
field and the plasma. With this consideration we see that a given altitude helow the source
region for the electric field will show a preferred scale size at which the compressional effects

{and therefore image formation} are a maxitnum. Since the clectric field is proportional to
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the plasma pressure gradient, electric fields are Jargest for <mallest scale sizes at the source.
However the smaller scale sizes do not map effectively away from the source. Thus the
electric field at anv location will be a combination of the altitude mapping process and the
scale sice under consideration. At large scale sizes, the amplitude of image structure will
increase with decreasing scale sizes for all source perturbations whose amplitudes decrease
less rapidly than & °. The inclusion of the eletric field mappimg process simply enforces a
decrease in the amplitade of iinage structure at large & for any amplitude distribution of
the source. Thus a high frequency “roll-off” of the image spectrum willl always occur and
will occcur at smaller & values (larger scale-size) than predicted by a theorv that does not

include the electric field mapping properties,

3. lonospherie Frictional Heating.

In addition to the hmportance in determining the convective history of the high
latitude plasma and the sesponse of the convection pattern to changes in the IMFE. we
are also interested in the effects of the plasma motion on its energy content. The large
convective flow velocities seen at high latitudes, imply the existence of significant frictional
heating. and in such areas, the plasma will expand, the plasma composition will change
and the heat will be delivered to the neutral gas. In describiug the effects of the plasma
motion on the temperature of the gas it is important to distinguish between a heating
rate determined from the product of the electric field and the height integrated Pedersen
conductivity and the heating per particle determined from the local difference between the
ion and neutral wind velocities. In order to understand the different implications of these
two parameters we have undertaken a morphological studyv of the global distribution of the
ion temperature and the ion velocity (Heelis and Coley, 1988). By examining the differences
in the distribution- of temperature and velocity we can ascertain the eflects of local neutral
winds in moderating or increasing the ion heating rate. By examining deifferences hetween
the ion temperature distribution and the global frictional heating rate or T,E°. we can
see the effects of the ion concentration on the ion temperature. Significant differences can
be seen. Fiwure 10 <erves to illustrate most of the features. The Joule heating rate is
dependent on both the relative ion-neutral velocity and the total ion concentration. On the
other hand. enhancenients in the ion temperature depend only on the relative ion-neutral
velocity. It is thus the heating rate per particle that is related to the ion temperature.
Regions of large Joule heating rate produced by enhancements in the ion concentration will

not necessary be accompanied by enhancements in the ion temperature. In the F-region.
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this phenomenum manifests itself in the cusp region. In the dawnside F-region. a local
maximuin in the ion temperature is seen in the F-region while no such maximui exists in
the heating rate. In this case. a inaximum in the ion neutral velocity certainly does exist.
but this is couteracted by a minimum in the total jon concentration. Thus the heating rate

per particle is a maximum. while the total heating rate is not.
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Ionospheric Convection Signatures and Magnetic Field Topology

W. R, Corey, R. A HeEeris, aND W B HaANSON

Center for Space Sciences, Umversity of Trzus at Dallas, Richardson, Tezas

P. H. REIFF

Center for Space Physscs, Rice Univeraaty, Houston, Tezas

J. R. SHARBER AND J. D. WINNINGRAM

Southuest Research Institute, San Antonio, Tezas

We present here & statistical study of signatures of the high-lstitude ionospheric convection
pattern and the simultaneously observed energetic eleciron preaipitetion  We most often find
convection cells in which the sunward flowing region contams auroral particle precipitation but
the antisunward flowing region does not However, our observations also show the frequent
occurrence of convection cells in which neither the antisunward nor the sunward flowing plasma
region contains suroral particle precipitation These findings meay sppear withun the dawnside or
duskside convection pattern and strongly suggest that such convectian cells may be associated with
open meagnetic field hines that thread the magnetotail lobes Examination of the interplanctary
maeagnetic field (IMF) data shows that this “lobe cell” convection signature is most lLikely to be
accompsnied by the signature of dayside merging when the IMF has & significant y component
but is directed southward. A lobe convection cell has & location and sense of circulation that
are dependent on the sign of By For the northern hemisphere, clockwise circulation displaced to
the duskside appears roughly 35% of the tine when B, 1s positive, and anticlockwise circulstion
displaced to the dawnside appears when By is negative The same circulation sense and location
exist in the southern hemisphere for the opposite polarity of B,. At times of northward IMF, the
circulation within the polar cap can be at Jeast partially on closed field lines and cannot be easily
reconciled with mercly a distortion of the standard “two-cell” convection pattern. The significance
of these results to several models of the solar wind/magnetosphere interaction is discussed

JOURNAL OF GEOPHYSNICAL RESEARCH, VOL 93, NO AT PAGES 7551 7SS7.JULY 1L 198K

Global and Local Joule Heating Effects Seen by DE 2

R. A. HeeLls aAND W. R. COLEY

Center for Space Sciences, University of Tezas at Dallas, Richardson

In the altitude region between 350 and 550 km, vanatiors in the ion temperature principally
reflect similar variations in the Joeal frictional hesting produced by a velucity difference between
the ions and the neutrals. Here we show the distribution of the ion temperature in this altitude
region and discuss its attributes in relation to previous work on local Joule heating rates. In
addition to the ion temperature, instrumentation on the DE 2 satellite also provides a measure of
the ion velucity vector representative of the total electric field. From this information we derive
the local Joule heating rate. From an estimate of the height-integrated Pedersen conductivity it
is also possible to estimate the global (height-integrated) Joule heating rate Here we describe the
differences and relationships between these various psrameters.
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Origin of density enhancements in the winter polar cap ionosphere

D. N. Anderson and J. Buchau

Air Force Geophysics Laboratory, Hanscom Air Force Base, Massachusetts

R. A. Heelis

University of Texas at Dallas, Richardson, Texas

(Received September 15, 1987 revised January 20, 1988 accepted January 26, 1988.)

Coherent and incoherent ground-based radar measurements of the winter polar cap 1onosphere at
Thuie and Sondrestrom, Greenland have established the existence of “patches” of enhanced 10nization
which dnft across the polar cap in an antisunward, noon-midmght direction. Associated with these
patches is strong radio scintllation activity which severely disrupts ground-to-satellite communication
yystems and interferes with the operation of space surveillance radar at high latitudes. Several recent
studies have shown that the source of enhanced 1onization 1s the sunlit subcusp 1onosphere rather than
production by precipitating energetic particles. However. the question of what causes the patchiness
has not been addressed. We study thus problem by solving the ume-dependent plasma continuity
equation including production by solar ultraviolet radiation, loss through charge exchange. and trans-
port by ditffusion and convecion E x B dnifts. Time and spatially varying, honzontal E x B dnft
patierns are imposed. and subsequent 1onospheric responses are calculated (o determine how enhanced
plasmi densities 1 the dark polar cap could result from extended transit of relevant lux tubes through
regions of sigmiticant solar production. This would occur south of the cusp prior 10 convection s
patches acrass the polar cap. 1t 1s found that a density enhancement in vV from 7 < 10* 10 5 x 10?
¢l em* occues at Thule when a time-varying convection pattern 1s included 1n the simulation. The patch
of ronization 1s generated when an imtial convection pattern characterized bv an $0-kV cross-tait
potential and a 12 polar cap radius 15 abruptly changed 10 4 100-kV cross-1ail potential and 4 15
polar cap rawus. The horzontal extent of the patch 1s related to the length of tme the new convection
pattern remauns “turned on.”

FOM KNAL Ol GELOPEYSIOAL RESTARCH, NOF 90 NP A FAGES 9IS 990 SEPTIMBEIER 1 jaoss

A Maodel tor Muluple Throat Structures
in the Polar Cap Flow Entry Region

1o Monst G L Siscor? ROA Hesnin® anp 1D, WiNNINGUHam?

A two-dimensiong sonosphere convection madel has becn developed 1o produce conmvection patterns
tor scuthward mteeplanciary magnetc ficld (IMEF) and a positive or negatine IME v component The
maodel consints of 4 movable, sheir convection reversal boundacy with a gap 1 it where flux enters the
potar cap The sign of IME B, deternunes the dayside gup geometry We use thiy swimple model 1o
simulate measuted onosphenic lows from the DL 2 satetite Roughly 187, of DE 2 passes that cross the
dayside between OO0 and 1400 hours MLT cannot be modeled with a wingle narrow flow entry region
Hy companng model calculations and the measured 10n flows, we shaw that the duysmde flow eniry
region o the polar cap typically spans several hours in local ume The electrie tield can concentrate
along portions of the polar cap cntrance and wesben hetwern the concenteated regiens, thus formmng

multiple “throals ©
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CONERENT MESOSCALE CONVECTION PATTERNS DURINCG NORTHWARD INTERPLANETARY Mach Tl

H. C. Carlson,' R. A. Heelts,2 E. J. Weher,! and J. R. Sharher’

Abstract. All-sky {maging photometer (ASIF)
and” rolncident DE 2 satellite plasma drift and
particle data have been combined to study polar
{onospheric convection in the presence of sub-
visual intensity, soft-particle excited (F
region), 6300-A, Sun-aligned polar cap arcs.
Coincident DE~B drift meter data identify these
arce electrodynamically as lines of negative
electric field divergence. Based on conduc-
tivities, derived from the DE-B (low-altitude
plasma instrument) measured particle fluxes, and
the measured electric field gradients, the
divergence of horizontal current across these
particle i{mpact excited arcs is in good quan-
titative agreement with upward Birkeland
currents carried by the measured particle
fluxes. Although velocity structure can be
found without arcs, given the ASIP tdentified
condition of stable weak (hundreds of raylelighs)
6300-A Sun-aligned arcs in the polar cap,
electric field negative divergence 1s con-
sistently found. These arcs (of the order of
100 km in width) are found by ASIPs in the polar
cap about half the time under B, > O inter-
planetary magnetic field conditions. They are
regularly seen by ASIP data to extend 10NQ to
over 2000 ko in the sunward direction, and to
persist in time often for over an hour. We are
thus led to conclude that velocity gradierts of
this noon-midnight elongated scale are typical
of B, 2 0 conditions. We further conclude that
combined polar ASIP images and electrostatic
potentials calculated along transpolar satellice
tracks offer a valuahle dlagnostic for polar
fonospheric convection studies under B, > 0 con-
ditions. The ASIP time continuous two dipen-
sjonality and the satellite equipotential
gcaling allow individual “snapshots” of these
polar convection boundaries. Application here
demonstrates highly anisotroplic temporally
etable convection with grester order than has
previously been suspected.

IOURNAT OF GHOPHYSICAL RESTARCH, VOL. 9 NO AL PAGES 3788 1789, APRIL 1.1\

Polar Cap Deflation During Magnetospheric Substorms

1) Mosts) Gl Lo Siscon 2 ROA. Hes anp 30 D0 WinniNGiam®

The capanding comracting polur cap mudel has been used 1o simulate DE 2 0n dnft data duning
suhstons as deternnned using the AL index. Of the 3 cases modeled. 57" required the opening of a
mightside gap which maps 1o where reconnection accurs in the tail; 78 of the 16 recovery ‘phasc vanes
required & mightside gap while only 29% of the 17 expansion phase cases required ¢ mghiside gap. On
the hasis of this result. we conclude the following If a mghtside gap implies tail reconnection. then
reconnection probably accurs after expansion phase onset and continues throughout most of the recov-
ery phase of a substorm.
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Model of the High-Latitude Tonospheriec Convection Pattern During
Southward Interplanetary Magnetie Field Using DE 2 Data

M. R Hainston anD R, A Hernls

Center for Space Scrences, Unieeraity of Toras at Dallas, Richardson

Data from ihe polar-orbiting satellite DE 2 are used o calculnte one-dinensional elec-
trostatic potential distributions across the polar cap region. Using passes that lie within
1 3 hours MLT of the dawn-dusk line, various parmmneters of the polar potential distribu-
tion (location and magnitude of the maxima and minima. location of the zero potential
point, etc.) are analvzed in relation to each other and to the interplanetary magnetic
field (IMF). The resulting dependences are used to derive a two-dimensional model of
the distribution of the electrostatic potential in the high-latitude ionosphere during times
of southward IMF. This model can be generated using as inputs either the ionospheric
potential parameters or, based on the relationships analyzed here, the IMF conditions.
The capabilities of the resulting mathematical model are illustrated, and the importance
of retaining a flexibility in the model to accormodate individual observations is empha-
sized.

Ionospheric Flows Associated With a Transpolar Arc
by
E. Nielsen!, J.D. Craven?, L.A. Frank? and R.A. Heelis?

I Max-Planck-Institut fiir Aeronomie,
Katlenburg-Lindau, FRG
? Department of Physics and Astronomy,
University of lowa, Iowa City, lowa, 52242 USA
3 University of Texas at Dallas, Richardson, Texas 75080 USA

Abstract

A theta aurora is observed in the northern hemisphere on 21 Junuary 1982 using
the auroral imaging instrumentation on board the DE-1 spacecraft. The period of
observations is from 1807 to 2121 UT. The transpolar arc is observed to advanced
toward the dusk scctor, in the direction of the interplanetary magnetic ficld By
component. Coincidentally, the intersection between the arc and the auroral oval
near local midnight passes through the field-of-view of the STARE coherent radar
svstem, thereby providing the opportunity for measurements of the spatial pattern of
ionospheric electron drift velocities. The convection flow in the arc is directed toward
the nightside auroral oval, where it divides into westward- and eastward-directed
flows (eastward and westward electrojets). Sunward flows are not observed along the
transpolar arc near midnight. The overall flow pattern is identical to that expected
at the Harang discontinuity. Two traversals of the auroral oval and polar cap with
DE 2 demonstrate that, as expected, transitions from antisunward to sunward flow
are associated with the dayside of the transpolar arc. The evolution of the arc and its
convective features observed simultancously on both the dayside and the nightside
allow a more complete description of its global configuration than has been made
previously.
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Magnetic Field-Aligned Coupling Effects on lonospheric Plasma Structure

R. A. Heelis
The University of Texas at Dallas
J. F. Vickrey
SRI International
ABSTRACT

A mathematical description of the electrical coupling and dynamics of plasma
structure in the E and F regions is presented. The scale size dependence of electric field
coupling along the magnetic field is examined for a realistic background ionosphere and
atmosphere. It is shown that, while normalized potentials map reciprocally between two
altitudes, the potential disturbance caused by a fixed amplitude plasma density perturbation
does not. The magnitude of the electrostatic potential created by structured ionization is
also shown to be strongly dependent on the altitude of the structure.

The existence of plasina density structure at some altitude induces structure at
other altitudes along the magnetic field in a scale size selective way. The early evolution of
an F region structure that is initially confined in altitude is dominated by paralle] diffusion.
Low altitude imnage structure growth imposed by electrostatic fields mapped from the source
is also very rapid; significant image amplitudes are reached in a matter of seconds. The
altitude distribution of the evolving structure is strongly dependent on the scale size.

At E layer altitudes, where the Pedersen mobility is high and parallel diffusion
relatively slow, a preferential scale-size for image structure is apparent for typical F region
source spectra. This preferred scale size becomes smaller with increasing height. Above
about 200 km altitude, however, parallel diffusion becomes increasingly important with
height in determining the altitude and scale size distribution of structure resulting from a
source at higher altitudes. The parallel diffusive flux can he modified by the existence of

local plasma structure perpendicular to the magnetic field.
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